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Abstract. - OBJECTIVE: This work intended
to observe the effect of injecting botolinum toxin
type A (BTX-A) for relieving spastic iliopsoas of
cerebral palsy on children, and to investigate the
improvement of this method for the motor func-
tion in these children.

PATIENTS AND METHODS: From July 2006 to
August 2012, 37 children with spastic iliopsoas
cerebral palsy were received rehabilitation thera-
py. The age ranged from 3 to 15 years. The con-
trol group were treated by conventional physical
therapy (PY). The experimental group were treat-
ed not only by the conventional physical therapy,
but also BTX-A injection. The dose of BTX-A in-
jection was according to the weight of the child
and the Modified Ashworth Scale (MAS). The
dose of the injection ranged from 15 IU to 45 IU
with the average dose 31.2+13.9 IU.

RESULTS: There was no significant difference
between two the groups on ages, weight and
MAS, GMFM (Gross Motor Function Measure)
and extension angle of hip joints before treat-
ment. In both groups, the Modified Ashworth
Scale decreased, GMFM and extension angle of
hip joints increased after eight weeks. In the
control group, the GMFM improved significantly.
In the experimental group, MAS, GMFM and ex-
tension angle of hip joints changed significantly
after therapy. There was significant difference
between two groups in MAS, GMFM and exten-
sion angle of hip joints after two months.

CONCLUSIONS: The BTX-A injection can re-
lieve iliopsoas spasticity of cerebral palsy on
children efficiently. This therapy can help chil-
dren to correct abnormal gait and to improve
their motor function.
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Introduction

Cerebral palsy (CP) is a common disabling ado-
lescent disease'?; spastic cerebral palsy is the most
common cerebral palsy type and accounts for 60-

70%3#. Spasms impede normal motor development
in patients, and also result in contractures, deformi-
ty, pain, and other complications*>®. Spasticity re-
lief has become the focus of rehabilitation treat-
ments for cerebral palsy.

Spasticity treatment includes rehabilitation,
oral administration of muscle relaxants, nerve
blocks, intrathecal injection of Baclofen, surgery,
and serial casting’®. Among them, nerve blocks
are widely accepted, with botulinum toxin type A
(BTX-A) as the most commonly used drug.
BTX-A block is considered one of the optimal
approaches for spastic cerebral palsy, due to its
rapid effect, great selectivity, and few side ef-
fects.

Spasticity iliopsoas will cause the abnormality
of extension angle of hip joints in child with CP.
This abnormality will interfere the standing and
walking of children patients and hamper the nor-
mal motor function development of children.

The methods of relieving spasticity iliopsoas
are rather limited because of the difficulty on lo-
cating the muscle and very few people received
the BTX-A injection method. This work intended
to observe the effect of injecting BTX-A for re-
lieving spastic iliopsoas of cerebral palsy on chil-
dren, and to investigate the promotion of this
method for the motor function in these patients.

Patients and Methods

37 children CP patients were collected from
July 2006 to August 2012 in our hospital, includ-
ing 23 boys and 14 girls. The age ranged from 3-
15 years old with the average age is 5.92. The di-
agnostic criteria and clinical classification were
according to the standard established by 2004 na-
tional symposium on cerebral palsy in children.

Inclusion criteria: Children were all spastic CP
patients with iliopsoas muscle high tension. They
can walk over 10 steps independently and ac-
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companied with the flexion posture of hip. Their
flexion posture of hip were mainly caused by
spasticity of iliopsoas muscle. Exclusive criteria:
Iliopsoas muscle of children become contracture
(hip joint cannot unbend), or hamstring having
spasticity (Ashworth scoring = 2 grade), or glu-
teus maximus amyasthenia (muscle strengthen =
3 grade), or have epilepsy, or have allergic con-
stitution.

Grouping

The children patients were randomly grouped
into control group and experimental group ac-
cording to visiting time. In the control group
(n=20), there was 12 male patients and 8 female
patients. The age ranged from 3-15 years old
with the average age 6.02 + 3.11. The weight
ranged from 14.5-42 kg with the average weight
21.4+5.17 kg. In the experimental group (n=17),
there was 11 male patients and 6 female patients.
The age ranged from 4-13 years old with the av-
erage age 5.86 + 2.23. And the weight ranged
from 15-40 kg with the average weight
23.1+4.67 kg. The two groups have no signifi-
cant difference in gender, age and weight.

The 20 children patients of control group were
received conventional physical therapy (PT) re-
habilitation training. In the experimental group,
besides conventional PT rehabilitation training,
they were injected BTX-A in iliopsoas muscle.

Drug and Materials

BTX-A powder was purchased from Lanzhou
Institute of Biological Products Co., Ltd. Each
dose has 100IU BTX-A. The BTX-A powder
were stored at —=5°C to —20°C with avoiding light.
The BTX-A powder was dissolved with saline to
50 IU/ml before using.

Nerve block insulative needles (made in
Japan), injection syringe, electric paste, surface
electrode and wire. The stimulator was produced
from Shanghai Huayi Medical Instrument Corpo-
ration with the type of G6805-2A therapeutic in-
strument. In the treatment, the stimulator was
adopted continuous wave, with the pulse fre-
quency 2.667-83.333 Hz, current intensity 0-15
mA, 6V.

Operation Method
Positioning

The projection area of the selected muscle on
body surface was located based on the anatomy
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position. The anode of the stimulator was fixed
by band on surface of the buttock. The pulse fre-
quency was set at 3 Hz and the current intensity
was temporarily set at 10-15 mA. Then the cath-
ode was used to search the projection area of the
inguinal iliopsoas muscle, and at the same time,
adjusting the current intensity, until find the posi-
tion that can cause the iliopsoas mulse contract
with minimal current intensity. Then, the position
was marked as injecting site by gentian violet.

Injection

The current intensity was adjust to 3 mA, and
keep the pulse frequency unchanged. After con-
ventional disinfection, the nerve block insulative
needles was connected with stimulator and was
injected into the subcutaneous tissue. Then, ad-
justing the depth of the needle and the current in-
tensity until using the minimal current intensity
can cause the muscle maximal contraction, the
BTX-A will be injected in.

Injecting Point and Dose

The dose of the BTX-A was according to the
grade of the muscle spasticity (muscular tension)
and the weight of the children patient. According
to the Modified Ashworth Scale, the muscle with
grade 1 and 1+ will be injected 1-1.5 U BTX-A
per kg. The muscle with grade 2 and 3 will be in-
jected 1.5-2 U BTX-A per kg. The injecting
point will be 1-2. The total injecting dose will be
15-45 IU every time with the average dose
31.2+13.9 IU. If the muscle was scored grade 4
according to the modified Ashworth system, the
muscle has become contracture and will not be
injected BTX-A.

Evaluation

Before therapy, the muscular tension of iliop-
soas muscle, motor function and the range of hip
joint were assessed. After 8 weeks of therapy, the
assess was made again.

The method of evaluating spasticity adopt the
Modified Ashworth Scale (MAS)’. The grade of
this scale was transformed to score system: 1
grade 1 score, 1+ grade 2 score, 2 grade 3 score,
3 grade 4 score, 4 grade 5 score'’.

The method of evaluating motor function
adopt GMFM method (Gross Motor Function
Measure). Before therapy, they were assessed
once, and one year later, they were assess again.

The range of hip joint was evaluated by gait
analysis method. The gait analysis was evaluated
by the rehabilitation department of China Reha-
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bilitation Research Center. The gait analysis sys-
tem was based on the digital video and digital
imaging processing technology. The ranges of
hip joint were gathered from one side of the body
when the foot initial contact in gait cycle, when
the foot kept flat, when they stood, when the heel
left the ground, when the toe left the ground. The
average maximal range of stride phase was also
gathered. Then, the average range of both side of
hip joint was calculated.

Statistical Method

The data was shown in the type of (x + s). The
data was analysis by SPSS 13.0 (SPSS Inc.,
Chicago, IL, USA) and the One-Sample Kol-
mogorov-Smirnov test was adopted to normal
distribution test. After test, all the data fitted nor-
mal distribution (p > 0.05). Paired-samples ¢ test
was adopted in intra-group comparison and inde-
pendent-samples t test was adopted in group
comparison. Significant difference was set at o =
0.05.

Results

Base Line

The weight, age, MAS before therapy, GMFM
scoring, and the range of the hip joint of the two
patient groups have no significant difference (p >
0.05) (Table I).

The MAS Comparison Between Two
Patient Groups After 8 Weeks Therapy

In the control group, although the MAS of the
children patients were slightly decreased after re-
habilitation therapy, the MAS had no significant
difference between before and after rehabilitation
therapy (p > 0.05). However, in the experimental
group, the MAS of the children patients have sig-
nificant difference between before and after reha-
bilitation therapy (p < 0.05). After 8 weeks of re-
habilitation therapy, there are significant differ-
ence between control group and experimental
group (p < 0.05) (Table 1I).

Table I. The base line comparison between two patient group.

The GMFM Comparison Between the
Two Froup

After 8 weeks rehabilitation therapy, the
GMFM of the two groups have shown signifi-
cant difference compared with before therapy (p
< 0.05). The increase of GMFM in the experi-
mental group was higher than that in the control
group. The increase of GMFM score in the two
group has significant difference (p < 0.01)
(Table III).

The Range of Hip Joint Comparison
Between Two Groups

After 8 weeks rehabilitation therapy, the range
of hip joint of the two groups have decreased
compared before therapy. But in the control
group, there was not significant difference (p >
0.05), while in the experimental, there was sig-
nificant difference (p < 0.05). The decrease of
range in experimental group was smaller than
that of control group. The decrease of range be-
tween the two groups has significant difference
(» <0.01) (Table IV).

Discussion

The choice of interventions for the manage-
ment of the movement disorders associated with
CP in patients is extensive and varied. The inter-
ventions include oral medications, selective dor-
sal rhizotomy (SDR)!!, intrathecal baclofen
(ITB)'? chemodenervation, and so on. It can be
difficult at first sight to determine on what crite-
ria the choice should be made between many
competing options.

Clinical experience of BTX-A in treatment of
spasticity in patients spans more than a decade
with the pioneering trials from Koman et al in the
United States'® and Graham et al in the United
Kingdom'. There are seven Botulinum toxin
serotypes (A-F) of which only types A and B
have been reported in children with CP. The dif-
ferences in serotypes have been described in de-
tail elsewhere in this volume.

Age \Weight MAS before GMFM before The range
Group N (year) (kg) therapy therapy of hip joint
Control group 20 6.02 +3.11 214 +5.17 2.31+1.07 63.2+11.45 31.3 +4.65
Experimental group 17 5.86 £2.23 23.1 £4.67 2.14 +0.93 64.5+9.76 28.6 £3.97
p 0.38 0.73 0.08 0.19 0.51
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Table II. The MAS comparison between the two groups after one month of therapy.

Group N MAS before therapy MAS after 8 weeks of therapy
Control group 20 2.31+1.07 1.97 £ 0.62°
Experimental group 17 2.14 £0.93 1.02+£0.18°
p 0.023

Note: Compared with before therapy in the same group, *p = 0.094, p = 0.004.

Table Ill. The GMFM comparison between the two groups.

Group N Before therapy After 8 weeks of therapy Difference
Control group 20 63.2+11.45 66.1 £ 11.35° 29+0.85
Experimental group 17 64.5+9.76 72.7 +10.17° 8.2 +3.46°
p 0.19 0.04 0.002

Note: Compared with before therapy in the same group, *p = 0.038, p = 0.013. C: Compared with control group, p = 0.002.

Table IV. The range of hip joint comparison between the two groups.

Before therapy After 8 weeks therapy Difference
Group N (degree) (degree) (degree)
Control group 20 31.3 +4.65 26.2 +3.18 5.1+0.56
Experimental group 17 28.6 £3.97 157 +2.15° 12.9 £ 1.28¢
p 0.51 0.02 0.001

Note: Compared with before therapy in the same group, p = 0.239, p = 0.021. C: Compared with control group, p = 0.001.

The mechanisms underlying spasms are rela-
tively complex, and it is generally considered
that central nervous system injury leads to disor-
der or abnormally high central regulation of the
spinal stretch reflex, ultimately resulting in over-
ly strong or sensitive traction reflex. Spasms are
responsible for delayed motor development and
abnormal posture in patients with cerebral palsy.
However, cerebral palsy-induced spasms do not
exist in all muscles, but often occur as a result of
increased muscle tension in some muscles. For
example, the majority of adolescent patients with
spasms exhibited significantly high tension in the
calf triceps muscle, but spasms were not present
in the anterior tibial muscle, which resulted in
abnormal posture, such as an equinovarus foot.
Spasm relief in the calf muscle has been shown
to correct equinovarus foot'>.

BTX-A bring about chemical denervation by
blocking acetylcholine release. It first binds to a
membrane protein on presynaptic cell surface
called synaptic vesicle protein (SV2). This is me-
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diated by the C-terminal domain of the heavy
chain. The toxin is subsequently internalized by
an energy-dependent receptor-mediated endo-
cytic process. The disulfide bond is cleaved, and
the light chain is released across the endosomal
membrane into the cytoplasm of the nerve ter-
minal with the help of the translocation domain.
Finally the light chain cleaves SNAP-25 (synap-
tosomal-associated protein of 25kDa), one of
the three SNARE (soluble NSF-attachment pro-
tein receptor) proteins. SNAP-25 is required for
the docking of acetylcholine vesicles on the in-
ner side of the nerve terminal plasma
membrane's. As a result, muscle spasms may
stop or be reduced.

Previous studies'”!® have shown that BTX-A
injections into the calf triceps muscle significant-
ly reduces muscle tension and expands joint ac-
tivity. In addition, gait and movement are also
improved!%.

The flexion posture of hip joints is a common
symptom in CP children patients and iliopsoas
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spasticity is a major factor to cause this abnormal
posture. The conventional method to correct the
abnormal posture is rehabilitation training. This
method is to excise the joint passively to de-
crease the extension of iliopsoas, but the curative
effect is very limited and could not correct the
abnormal gait.

The injection of BTX-A is an effective method
to relieve the muscle spasticity of CP children
patients. Many researches report that BTX-A in-
jection can decrease the extension of muscle and
can expand the range of joint!®!®2! Also, it can
improve the walking gait and motor function. Be-
cause of the deep location of iliopsoas in body
and the topography complexity, fewer patients
received the BTX-A injection therapy in China.

In this study, we adopted a relative accurate lo-
cating method to make sure the BTX-A be inject-
ed in the iliopsoas. This method ensures the cura-
tive effect of BTX-A.

In our patients selection, we have chosen these
children whose abnormal gait was mainly caused
by the spasticity of iliopsoas. The abnormity of
the range of hip joint may be caused by spasticity
of hamstring and gluteus maximus amyasthenia.
In this situation, the relief on spasticity of iliop-
soas will not improve the abnormity of gait.
Thus, we should analyze distinguish the cause of
this disease.

In the process of analysis the disease, we need
to check the relative muscle strength and muscu-
lar tension. If the iliopsoas has become contrac-
ture, the contractural tendon could not be pro-
longed by the injection of BTX-A and always do
not have curative effect. This symptom is not
suitable for BTX-A injection therapy. If the ab-
normity range of hip joint is mainly cause by
spasticity of hamstring, the relief of the spasticity
should be considered. If the strength of gluteus
maximus below or equal to 3 grade, this can also
cause the abnormity range of hip joint. In this sit-
uation, also the BTX-A injection could not im-
prove the extension of hip joint. Only if the glu-
teus maximus have somewhat antigravity
strength and the disease is mainly caused by
spasticity of iliopsoas, the BTX-A therapy could
have good curative effect.

In this study, the two patients groups have no
significant differences in age and weight. This
suggested that the two groups have the same con-
ditions. The no significant difference in MAS,
GMFM and the range of hip suggested that the
two groups have comparability in the grade of
spasticity and motor function. Thus, based on the

reasonable control group, confounding factors
were excluded as much as possible and made the
conclusions are more convincing.

In the control group, although the MAS of the
children patients were slightly decreased after re-
habilitation therapy, the MAS had no significant
difference between before and after rehabilitation
therapy. However, in the experimental group, the
MAS of the children patients have significant
difference between before and after rehabilitation
therapy. After 8 weeks of rehabilitation therapy,
there is a significant difference between control
group and experimental group. These results sug-
gested that BTX-A injection can relieve the spas-
ticity of iliopsoas.

After 8 weeks of rehabilitation therapy, the
GMFM of the two groups have shown significant
difference compared with before therapy. The in-
crease of GMFM in the experimental group was
higher than that in the control group. The in-
crease of GMFM score in the two group has sig-
nificant difference. This suggested that the the
motor function in experimental group have been
improved more that control group. The rehabili-
tation training combined with BTX-A could im-
prove the curative effect.

Gait analysis showed that, after 8 weeks of re-
habilitation, the range of hip joint of the two
groups have decreased compared before therapy.
But in the control group, there was not signifi-
cant difference, while in the experimental, there
was significant difference. The decrease of range
in experimental group was smaller than that of
control group. The decrease of range between the
two groups has significant difference. This sug-
gested that the abnormity gait in experiment
group has been preferable corrected.

There are few reports about this method in
worldwide. Westhoff et al*> have reported that
they have injected the BTX-A into iliopsoas from
inguinal region based on the ultrasonic location.
They have injected BTX-A for 10 CP children
patients, 4 hereditary spastic paraplegia patients,
and 5 Legg-Calve-Perthes disease patients. The
method has somewhat curative effect on these
patients and does not have side effect.

Depedibi et al' used the same ultrasonic loca-
tion method on 18 CP patients for injecting
BTX-A. After 5 weeks, the MAS and the range
of hip joint increased. After 12 weeks, the MAS
and WeeFIM (walking subscale — Functional in-
dependence Measure for children) somewhat in-
creased. The results of their studies agree with
our studies.
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Conclusions

Rehabilitation training combined with BTX-A
injection, can relieve the spasticity of iliopsoas of
children patients, increase the motor function and
improve the gait. It is a worth popularizing reha-
bilitation method.

Conflict of Interest

The Authors declare that they have no conflict of interests.

10)

References

BJORNSON K, HAYs R, GRAUBERT C, PrRICE R, WON F,
MCLAUGHLIN JF, CoHEN M. Botulinum toxin for
spasticity in children with cerebral palsy: a com-
prehensive evaluation. Pediatrics 2007; 120: 49-
58.

DesLoovere K, MOLENAERS G, DE CAT J, PAUWELS P
VAN CAMPENHOUT A, ORTIBUS E, FABRY G, DE Cock P.
Motor function following multilevel botulinum toxin
type A treatment in children with cerebral palsy.
Dev Med Child Neurol 2007; 49: 56-61.

MoNGAN D, DuNNE K, O'NUALLAIN S, GAFFNEY G.
Prevalence of cerebral palsy in the West of Ire-
land 1990-1999. Dev Med Child Neurol 2006; 48:
892-895.

PLatt MJ, CaNs C, JOHNSON A, SURMAN G, Torp M,
TorrIOLI MG, KRAGELOH-MANN I. Trends in cerebral
palsy among infants of very low birthweight (<
1500 g) or born prematurely (< 32 weeks) in 16
European centres: a database study. Lancet
2007; 369: 43-50.

HawAMDEH ZM, IBrRAHIM Al, QuUDAH AAL. Long term
effect of botulinum toxin(A) in the management of
calf spasticity in children with diplegic cerebral
palsy. Eura Medicophys 2007; 43: 311-318.

MatTHEWs JD, BALaBAaN B. Management of spastici-
ty in children with cerebral palsy. Acta Orthop
Traumatol Turc 2009; 43: 81-86.

BrouweRr B, DAaviDsoN LK, OLNey SJ. Serial casting
in idiopathic toe-walkers and children with spastic
cerebral palsy. J Pediatr Orthop 2000; 20: 221-
225.

McNEee AE, WiLL E, LiN JP Eve LC, GouGH M, Mor-
RISSEYy MC, SHORTLAND AP. The effect of serial cast-
ing on gait in children with cerebral palsy: prelimi-
nary results from a crossover trial. Gait Posture
2007; 25: 463-468.

BoHANNON RW, SmitH MB. Interrater reliability of a
modified Ashworth scale of muscle spasticity.
Phys Ther 1987; 67: 206-207.

PARK ES, RHA DW., Yoo JK, Kim SM, CHANG WH,
SoNG SH. Short-term effects of combined serial

3228

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

casting and botulinum toxin injection for spastic
equinus in ambulatory children with cerebral pal-
sy. Yonsei Med J 2010; 51: 579-584.

Hurvitz EA, MARCINIAK CM, DAUNTER AK, HAAPALA
HJ, StiBB SM, McCormick SE Muraszko KM, GAEBLER-
SPira D. Functional outcomes of childhood dorsal
rhizotomy in adults and adolescents with cerebral
palsy. J Neurosurg Pediatr 2013; 11: 380-388.

MoRrTON RE, GRrRAY N, VLOEBERGHS M. Controlled
study of the effects of continuous intrathecal ba-
clofen infusion in non-ambulant children with
cerebral palsy. Dev Med Child Neurol 2011; 53:
736-741.

KomaN LA, MoonNey JE SmimH B, GoobmAN A, MuL-
vANEY T. Management of cerebral palsy with botu-
linum-A toxin: preliminary investigation. J Pediatr
Orthop 1993; 13: 489-495.

CoRrry IS, CosGroVvE AR Durry CM, TAYLOR TC, GRA-
HAM HK. Botulinum toxin A in hamstring spasticity.
Gait Posture 1999; 10: 206-210.

KaLinowskl Z, Bonikowskl M. Botulin toxin A in the
treatment of dynamic equinovarus foot in cerebral
palsied children. Ortop Traumatol Rehabil 2002; 4:
209-217.

ALBAVERA-HERNANDEZ C, RODRIGUEZ J, IDROVO AJ.
Safety of botulinum toxin type A among children
with spasticity secondary to cerebral palsy: a sys-
tematic review of randomised clinical trials. Clin
Rehabil 2009; 23: 394-407.

PAPADONIKOLAKIS AS, VEKRIS MD, KoOROMPILIAS AV,
Kostas JR. RistaNis SE, Soucacos PN. Botulinum A
toxin for treatment of lower limb spasticity in cere-
bral palsy: gait analysis in 49 patients. Acta Or-
thop Scand 20083; 74: 749-755.

SATILA H, PIETIKAINEN T, lISALO T, LEHTONEN-RATY P SA-
Lo M, Haataa R, Koivikko M, Autti-Ramo 1. Botu-
linum toxin type A injections into the calf muscles
for treatment of spastic equinus in cerebral palsy:
a randomized trial comparing single and multiple
injection sites. Am J Phys Med Rehabil 2008; 87:
386-394.

DepepiBl R, UNLU E, CevikoL A, AKKAYA T, CAKcCl A,
Cerexgl R, Kose G, Unusoy D. Ultrasound-guided
botulinum toxin type A injection to the iliopsoas
muscle in the management of children with cere-
bral palsy. Neurorehabilitation 2008; 23: 199-205.

ScHoLTes VA, DALLMEUER AJ, KnoL DL, SPETH LA,
MaatHUIS CG, JoNGERIUS PH, BecHer JG. Effect of
multilevel botulinum toxin A and comprehensive
rehabilitation on gait in cerebral palsy. Pediatr
Neurol 2007; 36: 30-39.

BANG MS, CHUNG SG, Kim SB, Kiv SJ. Change of dy-
namic gastrocnemius and soleus muscle length
after block of spastic calf muscle in cerebral palsy.
Am J Phys Med Rehabil 2002; 81: 760-764.

WESTHOFF B, SELLER K, WiLD A, JAEGER M, KRAUSPE R.
Ultrasound-guided botulinum toxin injection tech-
nique for the iliopsoas muscle. Dev Med Child
Neurol 2003; 45: 829-832.



